Abstract. The paper proposes a new fast Fourier transform (FFT) protection algorithm for digital relaying based on field-programmable gate array (FPGA), constructs detailed models and performs corresponding simulations. Simulation results show that the harmonic components of voltages and currents can be conveniently calculated, and the digital protection functions can be effectively fulfilled with enhanced accuracy and reduced storage requirements.
Introduction
The power system fault signals contain a large number of harmonics and a DC component [1] , it needs to extract necessary information to estimate whether the digital protection should operate. Most of the digital protections need to extract the fundamental signal, and filter the other harmonics to avoid malfunction [2] . Fast Fourier Transform (FFT) algorithm can extract every harmonic without attenuation, guaranteeing the other integer harmonics and the DC component attenuating to zero, but can not eliminate the non-integer harmonics and the capacity for suppressing nonperiodic components in low-frequency is poor. The radix-4 decomposition, which divides the input sequence recursively to form four-point sequences, has the advantage that it requires only trivial multiplications in the four-point DFT. This results in the highest throughput decomposition, while requiring non-trivial complex multiplications in the post-butterfly twiddle-factor rotations only. Complex multiplication decrease and the four inputs and outputs parallel processing improves processing speed greatly. 
Each cycle samples N points and the integral is approximate to the sum [3] .
where is the sampled value of . ) (n 
Each harmonic needed in digital protection can be calculated by using DFT algorithm.
FFT algorithm is an improvement of the DFT algorithm. This paper mainly introduces the radix-4 FFT algorithm according to the DIF (decimation in frequency) [4] .
The sampled points during every cycle are , and expression (7) can be written as:
where (0, , , ) (0, , , )
In this paper, the 64-point data in four groups have been reordered twice, and both of the input and the output of the qua-input/output radix-4 FFT algorithm are in natural order. All the necessary power system harmonics are employed as information and criterion of the digital protection. MATLAB simulation results show that the proposed algorithm can reduce the computer storage requirements and increase the processing speed of the digital protection system.
